



















JIIn® AN automatic quantitative estimation of emphysema 
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> } ♦ We have developed an automatic method for ■ 
transmitting a representation of a section of ~ 

^ lung tissue into a computer and quantifying yy’Y 
■'^^.ir^'^Physonatous destruction. Emphysema by defi- ••- 
;nition Is the distention and disruption of air ' 
{Yy ^. spaces within the lung, with reduction of the 
Internal surface area (ISA). Due to the 1n- 
homogeneous distribution of emphysematous lesions 
in the lung, the estimate of ISA is not sufficient 
: YS,/°r evaluation of the damage. An automated method 
-HTfor measuring ISA by pattern recognition tech- 
U niques has been described by Levine et. al. 

— (IEEE, BME 17:254-261 , 1970). Our method cal- 
' culates in addition mean volume, the frequency 
' Of disruption, the thickness of the remaining 
; Y septal structures, and the relative distribution 
" of tissue to air space. 

• After pressure fixation with 10% buffered 
:• formaldehyde and embedding in paraffin, the 

lungs are sliced: into 4 to 8u sections and 
.. stained with hematoxylin and eosin. Sections 
YYare then mounted on glass slides which serve 

as Input to the SPIDAC system. This is an W 

•; automatic optical-microscope scanner for on- ’ Y 

line input of pictorial data from a glass slide 
directly into the core memory of a digital 
computer. The SPIDAC microscope stage is di¬ 
rectly under computer control and capable of 
"locating each field of interest to within 1.25y 
maintaining continuous automatic focus. Once 
' each field has been positioned, it is digitized 
r to a raster of 700 x 500 points and 16 gray 
, r . levels and is transmitted directly to the yyYy 
computer. It is upon this stored image that .• 
V the analysis programs operate. ■•••*-Y 

For each image there is a certain gray 
•.level cut-off value which is used to distinguish 
the points of the image occupied by tissue from 

* those occupied by air. Once this value is set 
the separation between these areas is easily 
made. First, a scan is made of the image raster, 
counting the number of points above the cut-off 
value to determine the area occupied by tissue 

. and the number of points at or below the cut-off 
/value for the area occupied by ailr. Through a 
method of IJnear integration an estimate of the 
internal surface area of the lung is made. This 
entails noting and keeping track of the gray 
level values of the points along randomly dis¬ 
tributed lines placed upon the stored image. 

Based upon the cut-off value, it is determined 
If the point rests on tissue or air and when the 
line crosses the boundary between the two. The 
> results of imposing several such lines on each 
image is then used to produce a statistical 
estimate of the internali surface area. 

To investigate the structure of the septal 
walls a scan Is made of the image, horizontal 
row by horizontal row. When a point with a 
stored value greater than the cut-off is en¬ 
countered, it is treated as a boundary point of 
a septal wall. From here the entire boundary of 
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*. the septal wall is traced by continuously locating 

the neighbor of the previous point which borders 
on points below the cut-off value. As the boundary^ 
Yf;;is being traced, conceptual, programmed “probes” 
are sent perpendicular to it toward the interior 
y of the wall to determine its width. Secondly, the 
yY curvature of the walls is calculated at each point % 
based on the boundary list and from this the number < 
of free ending septae is determined. - 

A similar scan is made of the image for the 
detection of objects based on boundary points at 
- or below the cut-off gray level value. This 
allows the bounding of all areas on the image 
occupied by air. This boundary list is then 
Y. used to describe the shape, size, and area of 
yy each air-filled region. : 

/ ^ Analysis of this information gives in addition 
to quantitative assessment of the extent of emphy- *** 


sema, data on the distribution and pattern of 
tissue disruption. This approach will provide a 
tool to study stress distribution in the lung. 
Whereas manual methods can be developed, this 
approach is superior because of the elimination 
of observer bias and increased speed. 
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A computer display illustrating the boundary and 
area of each air space. Y; 
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